Objective: Clinical guidelines exist to promote antibiotic stewardship, particularly in ambulatory care settings such as the emergency department (ED). However, there is limited evidence on prescribing practice for persons with spinal cord injury and disorder (SCI/D). The goal of this study was to assess trends in antibiotic prescribing in the ED setting for persons with SCI/D. Design: A retrospective dynamic cohort study design. Setting: ED visits that did not result in same day hospitalization over 6 years (fiscal year (FY) 2002-FY2007) in Department of Veterans Affairs (VA) facilities Participants: Veterans with SCI/D. Outcome measures: VA clinical and administrative databases were used to identify the cohort and to obtain demographics, diagnoses, and medications. The rate of antibiotic prescribing for ED visits was defined as the number of antibiotics/total ED visits. Results: Veterans with SCI/D had 21 934 ED visits and 5887 antibiotics prescribed over the study period (rate of 268.4 prescriptions/1000 visits). The antibiotic prescribing rate increased from 238.8/1000 visits in FY2002 to 310.8/1000 visits in FY2007 (P < 0.0001). This increase in the rate of prescribing was seen across all patient demographics and factors assessed. Conclusion: Although clinical guidelines for judicious use of antibiotics in persons with SCI/D have been disseminated to providers, antibiotic prescribing in an ED setting is high and continuing to rise in this population.
Introduction
Antibiotic resistance is an increasing problem worldwide and antibiotic use, whether appropriate or inappropriate, is a driving force in the emergence of resistance. The emergency department (ED) has the highest rates of antibiotic prescribing in adults across ambulatory care visits ranging from 26 to 62%. [1] [2] [3] [4] [5] From 1992 through 2000, antibiotic use in the ED in the general adult population was stable. 1 However, recent data suggest increases in prescribing in the ED, particularly in those adults 65 years of age and older. 2, 6 Other literature has focused specifically on acute respiratory infections (ARIs), and particularly on ARIs where antibiotic treatment is rarely indicated (acute bronchitis, cough, upper respiratory infection, and laryngitis), and found decreased rates of antibiotic prescribing in the ED for these conditions. [3] [4] [5] 7, 8 Antibiotic prescribing has been described in a number of healthcare settings in the general adult population as well as in nursing home populations. However, prescribing data are limited in populations with disabilities, such as in persons with spinal cord injury and disorder (SCI/ D). 9, 10 Understanding prescribing patterns in the ED for this population is important because it is likely that ED physicians are treating these patients in the ED and writing prescriptions for their illnesses. Research in this population may be even more relevant because persons with SCI/D have greater need for antibiotic treatment as a result of frequent infections including urinary tract infections (UTIs), pneumonia, and pressure ulcers with associated osteomyelitis. 11 In addition, as a result of these frequent infections, opportunities for inappropriate antibiotic use may be more likely than in the general patient population. Trends in antibiotic prescribing and factors associated with prescribing have not been assessed over an extended period of time in persons with SCI/D, thus it is not clear how the trends seen in the general population compared to those with SCI/D. The goal of this study was to assess antibiotic prescribing trends in the ED for Veterans with SCI/D and identify factors associated with prescribing. 
Methods

Study design and setting
Data sources and covariates
Veterans were identified using an ongoing registry of Veterans with SCI/D maintained by the VA Allocation Resource Center, which is used to allocate resources to VA medical centers. Data for this cohort were obtained from the VA National Patient Care Databases Medical SAS data sets, which are administrative databases that include demographic and utilization data for all VA facilities and are updated nightly with patient medical record information from the local VA facility. 12, 13 The focus of this study was on outpatient management of infections, thus only ED visits (identified by ED clinic stop codes) that did not result in hospitalization on the same day were included in this analysis. In addition, factors that may be associated with antimicrobial prescribing were also collected from this database including demographic characteristics (e.g. age, gender, and race), infectious disease diagnoses defined using the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD9-CM) (ARIs, pneumonia, UTI, osteomyelitis, septicemia/blood stream infections), comorbid health conditions within 90 days of the visit (e.g. heart and cerebrovascular disease, dementia, chronic obstructive pulmonary disease, liver disease, diabetes, cancer, and decubitus/pressure ulcers), and VA facility geographic region. Age was categorized into three groups (18-49 years, 50-64 years, and 65+ years) while race was classified as non-Hispanic white, non-Hispanic black, and Hispanic/other (white Hispanic, black Hispanic, Asian, and American-Indian). Hispanic and 'other' ethnic groups were combined due to small sample sizes. The total number of comorbidities as well as the presence of comorbid conditions (dichotomous yes or no variable) was determined. At the time of this study, there were 23 SCI centers in the VA SCI system of care. We grouped care by whether it occurred at a facility with an SCI center or a non-SCI center.
The VA Spinal Cord Dysfunction Registry (SCD-R), a national database, was used to obtain neurologic classification (tetraplegia vs. paraplegia) and characteristics of SCD (age at onset, duration of injury) for the sample.
National data extracts from the VHA Decision Support System were used to identify outpatient antibiotic prescriptions (date of prescription and type of antibiotic) within 3 days of the ED visit. These data extracts from clinical data bases contain information on medications used in the outpatient setting in the VA beginning with FY2002. Antibiotics were divided into broad-or narrow-spectrum drugs. Broad-spectrum antibiotics included the following categories: amoxicillin/clavulanate, second-generation, third-generation, and fourth-generation cephalosporins, azithromycin, clarithromycin, and fluoroquinolones. 9, 10, 14, 15 
Statistical analysis
Antimicrobial prescribing was calculated as a visitbased rate defined as the number of antibiotics prescribed during an ED visit per total ED visits multiplied by 1000. The population-based rate was defined as the number of antibiotics prescribed during an ED visit per total patients with ED visits multiplied by 1000. Multivariable random-effect Poisson regression modelling was used to assess prescribing trends by year and other covariates associated with prescribing; incidence rate ratios (IRRs) and 95% confidence intervals (CIs) were calculated. A logistic regression model with a random effect was used to assess change in the percentage of ED visits with antibiotics. The proportion of broad-spectrum antibiotics prescribed was defined as the number of ED visits with broad-spectrum antibiotics per total ED visits with antibiotics. Similar proportions were computed for different antibiotic classes. Multivariable random-effect logistic regression modelling was used to assess broad-spectrum prescribing trends by year and other covariates associated with broad-spectrum prescribing. Odds ratios (ORs) and 95% CIs were calculated. All statistical analyses were performed using STATA (STATA 11.0, 2009, College Station, TX, USA).
Results
A total of 485 826 outpatient visits occurred over the 6-year study period, of which 21 934 (4.5%) were ED visits. Table 1 describes the demographics of patients being treated during these ED visits; the majority was white men over age of 50 years with paraplegia. For those with an available date of injury (n = 8857 (40.4%)), the average age at injury was 40.1 years (median: 37.0) and the average duration of injury was 17.2 years (median: 14.9). Nearly 60% were seen at a non-SCI center and 60% were seen at a facility that was in the southern region of the U.S. The most common infection was UTI. Most had one of the comorbid conditions listed previously and about 20% had at least one infection. Ten percent of the ED visits had primary diagnoses associated with diseases of the genitourinary system. The next most common diagnoses were associated with the musculoskeletal/connective system, followed by injuries and poisonings (Table 2) . 5003 ED visits (22.8%) had an antibiotic prescription associated with it, which increased over the study period, from 20.1% in FY2002 to 25.9% in FY2007 (P ≤ 0.0001) ( Table 3) . A number of patients (17%) received more than one antibiotic for the associated visit. There were 5887 antibiotics prescribed at a rate of 268.4 prescriptions per 1000 visits. The antibiotic prescribing rate increased from 238.8 per 1000 visits in FY2002 to 310.8 per 1000 visits in FY2007 (random effect Poisson regression model IRR 1.05, 95% CI 1.04-1.07, P < 0.0001). This increase in rate of prescribing was seen across all patient demographics and factors assessed. In the regression model, factors associated with higher rates of prescribing included Veterans with an injury of 10 or more years, having a pressure ulcer, not residing in the Northeast, and total number of infections (Table 4) . For specific infections, the highest rates of prescribing were seen in those with UTI (IRR 3.2, 95% CI 3.0-3.4) or lower respiratory infection (LRI) (IRR 3.2, 95% CI 2.7-3.7) (data not shown). Lower prescribing rates were seen for Black patients and at VA SCI centers.
In over half (59.3%) of the ED visits with antibiotics, broad-spectrum antibiotics were prescribed (3260 broad-spectrum prescriptions) ( Table 3 ). The rate of broad-spectrum prescriptions decreased from 63.9% in FY2002 to 56.0% in FY2007 (random effect logistic regression model OR 0.93, 95% CI 0.90-0.97, P < 0.0001); decreasing by approximately 1% per year. The decrease in broad-spectrum use was largely driven by fluoroquinolones, which comprised 42.7% of antibiotics (Fig. 1A) . The rate of prescribing for other antibiotics also decreased over time (Fig. 1B) , except for trimethoprim/sulfamethoxazole, which increased from 8.5% in FY2002 to 13.2% in 2007 (P = 0.001) and contributed to the overall increase in antibiotic prescribing.
Discussion
The ED is a common location of care where antibiotics are prescribed and often overused. 2, 6 In this study, approximately one in five patients with SCI who visited an ED department in the 6-year study timeframe were prescribed antibiotics (22.8%). Although clinical guidelines for judicious use of antibiotics have been disseminated, 16 ,17 the rate of antibiotic prescribing in the ED setting continues to rise. The rate of prescribing was lower for Blacks than Whites, which has been shown in other studies. 7, 18 Although this may indicate better care for non-white populations, this could also be an artifact of disparate use of medical services. Therefore, it may still be important to develop interventions that narrow gaps in quality, in addition to narrowing gaps in utilization of services. Veterans seen at a VA SCI center had a somewhat lower prescribing rate (IRR = 0.89) than those seen at non-SCI centers, suggesting that specialty care at these centers may promote better quality of care and possibly more judicious use of antibiotics due to familiarity with the population. For example, ED staff at SCI centers may have greater awareness of asymptomatic bacteriuria and associated urinalysis findings and be less likely to inappropriately diagnose a UTI in a patient with SCI/D. Geographic region was also significantly associated with prescribing rates. Vanderweil et al. 7 also found that prescribing for URIs was higher in the southern region of the United States. Approximately 17% of ED visits resulted in prescribing of more than one antibiotic. Since we used a 3-day timeframe for prescription, this may in part reflect a change in prescriptions when culture results become available, e.g. narrowing the antibiotic spectrum based on urine culture and sensitivity.
We found that the number and type of infections were significantly predictive of an antibiotic prescription (IRR = 3.0) and patients diagnosed with a UTI or LRI had the highest rates of antibiotic prescribing. In the SCI population UTIs are fairly common as are complications from such infections, 9,19 so antibiotic prescriptions to treat these bacterial infections is typically appropriate. Lower respiratory tract infections as well as other acute respiratory infections are common as well in SCI. 20 In accordance with guidelines, most of the common upper and lower respiratory tract infections, excluding pneumonia, should not be treated with antibiotics because they are primarily viral, antibiotics provide little to no benefit. 17, 21 There have been few studies to assess prescribing for these infections in the SCI/D population. This is of particular importance in persons with SCI/D, because of increased risk for pneumonia and mortality due to pneumonia. 20 A previous study found that 55.9% of non-pneumonic LRI visits (95% of which were for acute bronchitis) led to prescriptions for antibiotics, suggesting room for improvement in reducing use. 9 A subsequent study assessed the impact of antibiotic prescribing for acute respiratory infection (ARI) on subsequent healthcare utilization in veterans with SCI/D and found that for a subset of patients, there was no impact on healthcare utilization if the patient received or did not receive an antibiotic. 10 However, in patients with certain chronic respiratory conditions (cough, shortness of breath, bronchitis not specified as acute or chronic, and allergic rhinitis), antibiotic prescriptions were associated with lower risk of return for an outpatient visit, suggesting that in the absence of chronic respiratory conditions, antibiotic use for ARI can be curbed for those at high risk for respiratory complications, such as this population. 10 Our findings demonstrate that though there have been increase in overall antibiotic use, the proportion of broad-spectrum antibiotics prescribed has decreased over time in the ED. This result is contrary to previous work that showed overall broad-spectrum antibiotic prescribing (including both ED and non-ED care) increasing for ARIs in this patient population. 9 Overall, 50% of antibiotics prescribed in this study were broad spectrum and antimicrobial stewardship strategies are still relevant to reduce use of these antibiotics as they may contribute to development and spread of antimicrobial resistant organisms. Education efforts may be needed for SCI providers and even ED providers (who may be treating patients with SCI in the ED) regarding appropriate antimicrobial use. 22 Ranji et al. 23 found that active clinician education in combination with other strategies may be one of the more effective strategies in reducing inappropriate antibiotic prescribing, but these programs need to be specifically tailored to clinicians' training and specialty. A recent survey of SCI/D clinicians found that the vast majority who responded to the survey endorsed the need to improve knowledge of appropriate antibiotic prescribing to reduce antibiotic resistance. 24 There are several limitations to this study. Healthcare and prescriptions outside of the VA were not captured. However, the VA system of care and available data provide a national snapshot of antibiotic prescribing in a large population of persons with SCI/D. Data were also missing for some injury characteristics which limits the ability to assess the association between these characteristics and antibiotic prescribing. Most importantly, we were unable to determine whether the antibiotic prescribing was appropriate or inappropriate. The finding that prescription rates were higher in the ED setting compared with other outpatient settings could indicate inappropriate prescribing (e.g. prescribed for asymptomatic bacteriuria in a patient seen for non-UTI complaints) or that ED visits are more likely than other outpatient visits to be due to infectious disease conditions. 
Conclusion
Although clinical guidelines for judicious use of antibiotics have been disseminated, the rate of antibiotic prescribing in the ED setting is high and is continuing to rise in this population. In this study, prescriptions from the ED setting accounted for about one sixth of all outpatient antibiotic exposures in this population. Broad-spectrum antibiotic prescribing is decreasing, but there is still room for improvement in reducing use of these antibiotics. Over-prescribing of antimicrobials is likely to contribute to the emergence of antibiotic resistant organisms as well as affect the incidence, severity, and management of infections. This issue is of particular importance to patients with SCI/D because of their increased susceptibility to UTI and decubitus wound infection and their frequent use of antimicrobial agents. Education efforts focused on appropriate antimicrobial use may be needed for not only SCI/D providers but also ED providers, who may treat SCI patients in the ED.
